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The Hie;; Pressure Nervous Syndrome (HPNS) IS a condition found 
in deep diving in excess of 4 00 feet (13 ATA) whilst breathing 
oxygen-helium.  It is characterised by tremors, an increase in 
theta activity (4-7 c/sec) m the electroencephalogram (EEG) ac- 
companied by a iepression of faster activities and if sufficiently 
M ore, lapses of consciousness .  in animals, 
convulsions occur, but to late thPSe have not been seen in man 

rhe HPNS is a complex phenomenon comprised of effects, some of 
which are a function of the hydrostatic pressure.  Others seem 
due to a complex combination of the two.  This paper will des- 
cribe briefly seme of the relevant factors responsible for the 
HPNS in saturation ana excursion diving« 
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The H .,'   Pressure N'cr\ ... Symiron    (HPN'S 
is a condition found in deep div-in, in eves of 

400 feel (13 ATA) whilst breathing ox> ^cn 
he!:.m. It is characterised b\ tiemors, an ir. 

crease :n theta activity (4 7 c/«£CJ in the 
c!c::rc»:r.:-j>haIo3ram (EEC.) accompanied by a 

dep'rs.on of faster activities and if sufficiently 
severe, l.tp.e» of consciousness (1, 4, 5. 1 J). In 

a; r-.al», '.opvubiop.s occur, but tc» date these 

h-c n. ' ben seen in man (7). 

The HPNS is a complex phenomenon e«»m- 

prutjd ••: etletts. some of which correlate with 
the r.it- •>! compression and others which arc a 

tttnctkrn si the hydrastatic pressure Othei> 

»eem .'.  • :o 3 complex combination of the two. 

this   ;•••.••     '•*.!!  (ie»cr:r>-  briefly   some of the 

relevant   :".•• to« rup^r.>i'»!e fur the HPXS in 
viturati'.'ri a::d excursion diving. 

Saturation dives 
i tmon 

i I'."" >. m 
i- 

:/ 

H% of the ! :••.!., irms and tors; 

2)  r<  »object] compressed  .:; 

:^   C'-.    and   SUO f:   and qu.-n 

Uii! -••;.'.r:  rest which reqmrts 

f«n    '.  [hi* has permittee! «Us© a study of the 
frequency o! the trcrnor. A useful classification 

of tremor is that of Brumlik and Yap (8) into 
Rest Tremor, I'ostura! Tremor and Intentional 
Tremor which includes normal and abnormal 
expressions of these. 

All normal tremors, on frequency analysis, 

show a tergx frequency component between 
•6 1L' c/v c whereai Parkinson* a«d cerebellar 

disease has a rest peak frequency of 3 — 8 c/sec. 
A po^tu.vl tremor of 8-12 c/sec, as found with 
the HP\i>, is found also in alcoholism and 

thyrotoxicosis and during the shivering of cold. 

Whilst tremor may not be very incapaci- 

tating, it is an important rarly sign of the HPNS 
and may be the ' rst warning that th; rate of 

compression for the depth desired is too fas», 

before other more serious HPNS changes arc 
seen, su. h as in the electroencephalogram 

(F.r.C). To prevent tremor-;, the deeper the 

depth the slower must be cimpression. 

F.liitro- >.( • f/iu:l'>gram 
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Measurement of the EEC vV out on-line frc- 
bc^rings with twc«./cr>     quency   analysis  may show little change on 

• : ti;c sani' diameter,      usual   appraisal   unless   tlur   HPNS   is   severe. 

and Sehrdncr (12)      Graphic    representation   of   on-line   EEC   frc- 
: "»05, observed one     qucnc\   analysis,  as  in  the  1500  ft.  British 

experiment  (4) especially at depths of 600 ft 
And greater, witi. the c^ts open, show, however. 

there   i>  a compre>sion  ind-aced rise in  thet» 

.-.itf.it>   ij   d C/MC)  which once elicited con- 

tinues f-»r C hours, regardless of the fart IM 

compression has ceased, and 'hen Jails 'O m«>"" 
normal   values   ove^   a   further    12   h no».  I 

addition, there may well !>c a re ! :• ri * ' '" 

rrtnatfTtAg r EG .utility. 
lhi>  depression of tin   c!f •::• •••'•   ••l-*--- 

Ike   bra M    i^    «m    aN,.    ir:   •::;.• :-"'• ••• ' • 

!. t    ?'.; .1 In nior of both hands 

••! :::: jir ••:. t:erT:<»r of the h.in !N 

•.    I9I   '.i--.'!   J   ''t:cmov*raph"   la 

:   :        k Will, 3 Imp**.)   irf 
 ..'•:!;; • to- upper extremities. 
•:..        . ! -• -•rjjvr. Will jmwir 

- •      .i-.pp.*..» tit« tremors to tOOie 

'•\    -pt»c..»vi mole commonly i»' 

• :.••.     • • f   man in th».- v.et, 
•    '••• ' • the rise in  t< rn 

• . •   • • •• . to;:. 

.. ...    . ' 
• 
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larlv sensitive in »dentUying the pteMMtve ol 
HPXS e\t~pl ptihip» for the 1 ».tl 1 U.nin; lest 

Intellectual tests usually .»re unaffected. I'ow- 
e\cr, when the IU'\S is mure level«, as during 

compressions ol 40   90 ft/nun to 600 and 800 

tt,   then   mental    impairment   doe»   occur   a« 

corapanied hy dazjinc-s, nausea and sometimes 
vomiting (2). 

The performance 'in orient normally is tfe< 

result of the hand u*. mors and »«• he reverse ol 
inert gas narcosis \vi:h psychomotor tasks most 

affected and intellectual perfoimancc less or 

not at all (3). 

Using tremor. KLC and periormam c as indi- 

cator» of the HPXS, the late of compression in 

deep saturation oxygen-helium discs has been 

reduced significantly to ameliorate the signs 
and sympt uns of HPNS found with early 1ÜU 

ft/mtn rates (2, 3), to such value» as 16.7 ft/n n 

uith stages to 1300 ft (4, 5), to »he technique 

of a »lower and slower compression speed also 

w:'h stores to permit ad-ptation. In the French 

•^gitlatre II experiment \n 1640 ft the com- 

pulsion decreased to a final rate of 14 ft/hour. 
Ihus compression profiles to great depths now 

look like those of dccompr-»»ion. 

Excuriiom 

Now it has been observed th »t decompression 

from excursion dives permits quite large ex- 
cursions from .*» saturation depth without the 

need for stops (9) and in the same wa\ cx- 

i ..r,:..n d: es may provide one way lo div« chip 
with fait compressions but without undue 
HPNS. Tic tec'-.nicp.e involves slow com- 

pre«sion to a saturation depth, a» dcsiribed 
previously, followed by a fast compression Some 

hours later to the work depth some 130 ft. or 
so deeper .1 rates whuh would r.ot be possible 

;ro:n the surf;• <•. With stj« h techniques it IIUV 

• •   •• •    •••        .'-... 

i •.•.'•: >.J.I» Uvitt   .   '   '  It, U>   l = "  •' ,: • ; 

or not III'NS would result with »t.u.-l.-'d ute» 
• <f empress;..n of '.'• II.'IIIMI. however, bat yet 

to Le a*' crtaiitcd. 
Brnn' tt  and   lowsc »».) st;id.<<! r.o« . id  160 

Ft/miii ta'itfi 20/8U ux\geti/hcln»»A on I.It... 
tremor and p'ifojiu.ii.ii' ai »li j• i.!-» ;••   »00 li 
. ti '    •.•!.•! •     ! !'.'.'• S)      ! !•   •.     > . . .        •!.:•.    •      !   . r 

intent* with tomprcssioji JAICS ol a siinil.u 

magnitude to SO0 Ft, Hit» It and 300 ft with 
10/90 oxygeu-betiuro did show roinedetre.Mii.iil 

m p>\ • homotor ti sis as < «idem cd by the m • or- 
irnce ol tremors {'.'>,. Other studio indicated 

that ."-0 ft/rain to 600 i: breathing 5/95 oxy- 
gen helium \uil evol < ili'NS (I) as indeed will 

the slower rale of If*.7 ft/mm as shown in the 
Urs: stage of com; re »stu*i to I>00 ft am! also 
in the subsequent (ompicssions after 24-hour 

stages from (»00 ft to ICKJ0 ft, 1000 1: to 1300 
ft and 1300 It to lri(;i! ti (4. o) and in direct 

compression to 101" it (10). Indeed even rates 

as slow as 3.3 ft/rr -i :o Su'O ft as in the 

experiment at New 1.on.Ion ;!4; eUcitcd the 

classic TEC chance" of HPNS at 400 U and 
deeper. 

During the latter study .excursion« were .-.-..•.de 
from S00 ft to 1112 ft end i@Q ft to 1' 50 ft 

at 27 and 28 ft/min tcspe« lively. These r^ .'.red 

in weakness and S&ghl ticmois but nc» raious 

increase in the FIX, .lunges already eücifetL A 

slower rate of 17 ft/min a day later div! tot 

produce tremor. Nor did the very siaiil.n r : .• of 

16.7 ft/min used by iftihlmar. et al. •;••• in 

excursions from 1000 ft to 1130 ft However, 

the results of the F.NPL 1300 ft dive surest 
that in some individuals, at least, a rate of 16.7 

ft/min from 1000 ft to only 1100 ft and !3C0 

ft to 1400 ft will cause EEG changes and 

tremor (4, 5). 

peep Work wno 

In Januu-y 1973. at Duke University Hyper- 

banc Futility during a coordinated experiment 

by many gToups including Harbor Branch. 
Oce.meeiing Inc. and University of Florida, 

known as Deep Work 1000. six men were 
exposed to K70 ft breathing 0.45 ATA Oj and 

the remainder helium. 
!».-«!     '.:•> f«   was ••  . >•..!••.    •    • 

. .1 

:.'     tiUtUt« s.l    : i\l   . ".    • ".' 

niejhi   was  sifcnt at 450 it and   COmpiCKStOn 
Marled .i-.'.u nexl da% M 10 Ft/min to B00 ft 
where a »i\ hour 15 minute stop was made prior 

to . umpresskit) to 870 It at 2 ft/min. 
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f\>. /. Intention tremor results after tfmprtsthn from £70/f to 1)00 ft ut 100 ft-min .« significant increase 
r. .*.'/".-• •••.••-••• jeetfittstC} <b 12 cfsei.) RAj lw iff« although th. r, wnaiwrfiwaww fteckinf Mtt 
f: up-    • .- .- subject !)H. 

THfrC Cf! th« »object* irom Oceanecruv4 Int. 
rr.au- • 

this •_• 

50 fl :: 
mad; 
t.' .IT. 

•:•.'.::>.>:•. on separate days from 

! 000 ft at 16.7 fi/min, 
mi . or.;d l'«:;J ft/min. Measurement urcre 

S"     -.. ::".  p    -••'!   postural   tremor   by 

: . '     ..J ;._rioimance by the U.i!l 
. i •: :. i'ur.;  - f-.i Ho2rd, Arithmetic 168 

X   9 -..-   • '.'.*   Aetbikf   Brllevue   Digit 
•...•.'• * ... v.   .-. r. th? previous »a'urati HI 

ci'.*.. '•• :•.''. -.'•.: or.. a time estimation study and 
:!-. p EC rr.eatureraents were mack to .ether 
'»•:•: vrn-• •. : a p;;:e puzzle at«d the Bennett 

ii.n*j . .. . :•: unuerwatcf. The performance 

tCSI •"• .. iC u.i -.!::...! at depth and the I ••>• 
•v..»r,:-        -v.tr   v: :'.'.': '•••. • lour e.\p'»suic. 

?.- . :.••  •.-.:..  measurements darn:-. 

This peak disappeared during compression 

when the more usual 10 c/sec peak made its 

appearance and maybe is a function of tension 
prior to compression. In the 100 ft/min com- 

pression there was again a suggestion of the 5 

c/sec peak in the same two subjects. The slight 

5 11/ peal again diminished and disappeared as 

thr 1000 f; mark wa» approached 'F13. 1). 
Otherwise the data sugitAt th-».: there was no 

consistent significant increase in tremor at any 

of the three rates of completion. 
F.F.G • I ape re« orded EEC sample» were fed 

into a PDI* 11! tornputcr for Fourier ftequen- s 

analysis Analysis was mad«- in two of thv three 
subjo ts.   'I he  most   ONer.tial   li*Mff*t$i  «*«*C   • 
redact!•••  of all ireqitrm) band» at $70 f» «ml 
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IWO A;:-- I tcuni --. to tOOOfiat SQfl, min 

Test 

Co ^s.        too       ^ o o 
a. ~ »w.       < — Sj       — — m 

Bail Mean 15-67 17.68 16.33 18.00 

Bearing S.D. ±3.79 ±1.33 ±3.51 ±3.61 

*1 Mean 2S.07 33.67 30.00 32.67 

Board S.D. ±3.2* =;.*.'3 ±4.36 ±6.11 

Visual Mean 47.00 4S.00 49.3 40.33 

Aftrfap S.D. ±6.2: ±6.56 ±5.69 ±2.0S 

Arith. Mean 11.00 8.67 8.00 10.67 

Corrrc: SI). ±5.57 ±5.96 ±8.7 i ±8.08 

decr.a:- .:. Stage 3 from 5.67u of lota! al 76 ft. 

to 2 4~ al *1Q ft _:.J an abolition of Stage 4 at 

870 ft c r.:-.p a red with lb.3% at 76 ft. Total 

sleep rime and RLM sleep were equal over the 
two r ;h'<. .\u .:ur:\»>e of 8**. in Sr.^e 2 at 870 

ft m-ari this this s:agc was increasing at the 
expense of t*te deeper s!ccp ^ages. 

Ptrfi,-•<.,.},• c - The hall bc.Ting tc«t indi- 

cate«' .-. -':":: b.: no! significant fall of ef- 

ficiency or.\-. ^uri:.^ eich of the initial tests on 
arrival j; d •;•••:. re^ardiest of the rate of com 

pre>'.!oii N >••: •-.* v.: Other tests, includmg the 

unde: ••-':'-    •: •""••>   -"d hand fool task 
indicated J :.: if wrr.ance de« rcment  (Table 1). 

The   to\.    ?»: :•'.'.•;:,   ;ask   has  been   %lu»wn 

sffsctiv   . ».       .» jf hyperbarw behavior 
15. i'. 

At '..•.:• . .:.. | in- 870 ft saturation. 

:r irked C.r »; .• ," the timing behavior was 

observed in -.! subject» When this occurred the 
i .'    _"J   . •:    lime   frame   v.-; consistently  over- 
e.:.r; ite-i •••.;:?  estimation errors increasing by 
    • ..    •     i    '.!••••'    <••••"• of the results were 

.. .      .». ••••• :>  ? in •••?•• i • a«e« "•• »t 

Ihr ..i :i 

M   . •••<••:<-•: 

.• 

Previous research [151 at J00 It or less hu- 

sliowi; liui shifts in such liming behavior are to 

.i r en Jill extent dependent <>n the gas mixture 

breathed. Compressed .iir causes an ur.drr- 

e*i rn ite "r time, ac< n an overestimate and no 
Lt.j.iji. with helium. The overestimate in the 
present study is interesting since it is in a 

direction opposite to inert gas UMTOB!! More 
research is needed to ionium ihes«* findings. 

Overall these results permit the conclusion 
that a standard rate of compression of 60 
ft/mm from a saturation depth of 870 ft to 

1000 it is unlikely to precipitate incapacitating 
HPNS. Nevertheless extrapolation of thii data is 
not justified for it would seem that the deeper 

the saturation depth, ihe slower must be the 
rate of compression. 

It is pertinent that in the 1500 ft RNPL 
dive, confusion and a sense of impending un- 

consciousness were experienced by Bevan, at 

1535 ft during recompression from 1170 ft in 

an attempt to relieve vestibular decompression 

sickness in the othtrr subject (4.5). Although he 

had spent three day» deeper than 1000 ft, he 

was unable to tolerate, even with a very slow 

rate of compression which with i.agcs totalled 

8 1/2 hours, an excursion of 365 ft from 1170 
ft. 

The data to date, however, is too small with 
too few subjects to permit firm statements and 

it is evid.-r.t that much more research is required 

in this critical area, with careful measurement of 
the WINS to identify the operationally opti- 

mum rate» of compression both for deep 
saturation and cx«:ursion diving. 

A detailed report of HPNS studies during 

Deep \\.»rk 1000 will appear elsewhe-e by 

Bennett. P. Ü.. Bachr.uh. A.J.. Hn<!li A.. 

Ud. .\. ILand Walv h.J.M. 
This work was partially supported by 

BlWlr.D   Grant    No.   N00014-57-A-0251- 

0022.- H?3 -cri.: ::j) 
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